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A new one-pot procedure for the synthesis of substituted pyrrolidine derivatives with commercially available cyclopropyl ketones, aldehydes,
and amines by a metal iodide promoted three-component reaction was developed.

Pyrrolidines play important roles in the drug discovery development of the efficient synthesis of drug-like com-
process. Several polysubstituted pyrrolidines have shown pounds by multicomponent reactions (MCRsRecent
very potent activities as enzyme inhibitors, agonists, or activities in the field prompted us to disclose parts of our
antagonists of receptots:urthermore, the advanced progress findings concerning a novel three-component reaction.
achieved in genomic research increases the demand for Ring opening of cyclopropyl ketones with metal iodides
identification of small molecules that are active and selective affords attractive synthetic intermediates incorporating a
against a broader range of therapeutical targets. In thenucleophile (i.e. metal enolate) and an electrophile (i.e. alkyl
perspective of more biologically interesting targets becoming iodide) within the same molecula (Scheme 1). Oshima
available, the efficient synthesis and optimization of new and co-workers reported the formation of acyltetrahydro-
drug-like chemical entities actually constitutes the bottleneck furans by trapping metal enolates derived from cyclopropyl
in medicinal chemistry. ketones with aldehydésEncouraged by those results we
Taking advantage of the functional assay technology envisioned that replacing the aldehydes with imines would
R-SAT™,* enables exploration of an enormous range of be an efficient way to synthesize pyrrolidines. Recently,
possible drug targets in a nonbiased manner. Within this Carreira and co-workers reported ring expansion reactions
context, we have initiated a research program aimed at theof a cyclopropanecarboxamide with aldimines in the presence
of Mgl,.” Inspired by Carreria’s work, Lautens et al. found,

(1) A search on the pyrrolidine moiety in the MDDR (MACCS-II Drug
Data Report) database gave over 11 000 hits. The database is available from
MDL Information Systems Inc., San Leandro, CA 94577 and contains (5) (a) Biginelli, P.Ber.1891,24, 1317. (b) Mannich, C.; Krosche, W.
biologically active compounds in the early stages of drug development. Arch. Pharm.1912,250, 647. (c) Passerini, MGazz. Chim. Ital1921,51,

(2) (a) Bhagwat, S. S.; Gude, C.; Chan, Ketrahedron Lett1996,37, 126, 181. (d) Ugi, IAngew. Chem., Int. Ed. Endl962,1, 8. (e) Démling,
4627. (b) Hanessian, S.; Reinhold: U.; Saulnier, M.; ClaridgddiSorg. A.; Ugi, I. Angew. Chem., Int. E@00Q 39, 3168. (f) Bienaymé, H.; Hulme,
Med. Chem. Lett1998,8, 2123. (c) Hansen, J. J.; Krogsgaard-Larsen, P. C.; Oddon, G.; Schmitt, RChem. Eur. J2000,6, 3321.

Med. Res. Re 1990,10, 55. (d) Murphy, M. M.; Schullek, J. R.; Gordon, (6) (a) Han, Z.; Uehira, S.; Tsuritani, T.; Shinokubo, H.; Oshima, K.
E. M.; Gallop, M. A.J. Am. Chem. S0d 995,117, 7029. (e) Shi, Z.-C.; Tetrahedron2001, 57, 987. For reviews on the use of cyclopropanes in
Zeng, C.-M.; Lin, G.-QHeterocycles995,41, 277. (f) Cushman, D. W.; organic synthesis: (b) Danishefsky, &cc. Chem. Red979,12, 66. (c)
Ondetti, M. A. Prog. Med. Chem1980,17, 41. Wong, H. N. C.; Hon, M.-Y.; Tse, C.-W.; Yip, Y.-CChem. Rev1989,

(3) Wess, G.; Urmann, M.; Sickenberger,Aigew. Chem., Int. EQ001, 89, 165.

40, 3341. (7) (a) Alper, P. B.; Meyers, C.; Lerchner, A.; Siegel, D. R.; Carreira,

(4) Brann, M. R. U.S. Patent 5,707,798, 19@81em. Abstr1998,128, E. M. Angew. Chem., Int. EA 999,38, 3186. (b) Fischer, C.; Meyers, C.;
111548. Carreira, E. MHelv. Chim.Acta 2000,83, 1175.
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Table 1. Mgl, Promoted Three-Component Reaction

yield® drde purityf
entry R1 R2 Rs product? (%) (anti:syn) (%)
1 Ph (18) p-FC6H4 (2a) CH3CsH4CH> (3a) 4a/5a 64 82:18 >99
2 Ph (1a) p-FCsH, (2a) n-CsH1 (3b) 4b/5b 70 88:12 >99
3 Ph (1a) p-CH30CsH4 (2b) CH3CsH4C> (3a) 4c/5¢c 56 90:10 >99
4 Ph (1a) p-CH30CsH4 (2b) n-CsHa; (3b) 4d/5d 59 95:5 >99
5 Ph (1a) (CH3)3CCH3 (2¢) CH3CsH4CH> (3a) 4e/5e 73 >99:1 >99
6 Ph (1a) (CH3)3CCH3 (2¢) n-CsH11 (3b) Af/5f 75 >99:1 >99
7 thienyl (1b) (CH3)3CCH3 (2¢) CH3CsH4CH> (3a) 4g/5¢g 64 >90:1 >99
8 thienyl (1b) p-CH30CsH4 (2b) n-CsHy; (3b) 4h/5h 65 >99:1 >99
9 Me (1c) p-CH30CsH4 (2b) n-CsHi1 (3b) 4i/5i 169 937 50
10 Ph (1a) p-FCeH4 (2a) Allyl (3c) 4j/5j 67 95:5 >99
11 Ph (1a) n-CsHa; (2d) CH3CeH4CH: (3a) 4k/5k 0
12 Ph (1a) (CH3)3CCH2 (2¢) p-CH30CsH4 (3d) 41/51 45 81:19 h

aThe reactions were performed according to the general procedure described in® Mixfure of diastereoisomers.isolated yields after flash
chromatography purificatiors. Determined by LC/MS and GC analyskDetermined by NOESY experiments da, 4d, 4e,4f, 4i, and4l. The stereochemistry

of the resulting compounds was tentatively assigned according to the generaf fhadeactions were carried out in parallel (0.2 mmol scale). After an
aqueous workup, purification was achieved by using PS-Isocyanate scavenger resin followed by SEXhE&E@action was carried out at 6. " Not
determined due to low basicity, see ref 11.

by replacing the cyclopropanecarboxamide with a methyl- the aldimineslb in situ from the corresponding aldehydes
enecyclopropyl amide, a divergent selectivity that resulted and amines. Thus, addition of all three components simul-
in both five- and six-membered heterocyclic compouhds. taneously would give an efficient and practical method for
The use of methylenecyclopropyl amides other thariNhe the synthesis of compounds with three diversity points.
diphenyl amide was reported to give inferior results. In In this Letter, we now report the development of a novel
contrast to those reports our objectives were to use a diversehree-component MCR via an Mgbr EtAIl induced ring

set of cyclopropyl ketones, but most importantly to assemble expansion of cyclopropyl ketones, amines, and aldehydes

Scheme 1. Mgl, Promoted Three-Component Reaction
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leading to substituted pyrrolidines. This one-step MCR
strategy linked together with modern high-throughput workup
and purification technologies gave an efficient protocol for
library synthesis of drug-like molecules with high purity.

Our studies began with an initial multivariate screen of
metal iodides (Sg| Znl,, Mgl,, ELAII, and TMSI), solvents
(toluene, CHCI,, hexane, THF, and acetonitrile), and reac-
tion temperatures (rt, 50C, and at reflux). Mgl in THF or
acetonitrile at elevated temperatures angh\Ein all tested
solvents at rt or at 50C gave promising results, regarding
yields and purities. Further optimization revealed Myl
THF at 80°C and E$All in THF at ambient temperature to
be the superior reaction conditions for the respective metal
iodide.

To investigate the scope and limitations of the Mgl
induced three-component reaction, cyclopropyl ketdzesc
were reacted with aldehyde®a—d and amines3a—d
according to a general experimental procedure extracted from
results given by the initial screen (Table®1yhe optimum
reaction temperature turned out to be ®D for aromatic
cyclopropyl ketonedla and 1b, while cyclopropyl methyl
ketone (1c) gave higher yields 4¥/5i and cleaner reactions
by decreasing the reaction temperature t6@0The chosen
reaction time of 6 h was a tradeoff to get a unified procedure.
With most combinations, the reactions were completed within
3 h. However, when using e.g-methoxybenzaldehydlf)
longer reaction times were needed for completied0 h.
Extended reaction times on the other hand decreased the

(8) Lautens, M.; Han, WJ. Am. Chem. So2002,124, 6312.
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yields and increased the number and amount of unidentified Although the mechanism for this three-component reaction
byproducts according to analytical LC/MS, and this was has not yet been thoroughly investigated, a few comments
especially pronounced for reaction times longer than 18 h. can be made regarding the use of Mdin assumption was
Except for linear aliphatic aldehydes (e2d), most of that 1 equiv of Mg} was consumed in the formation of the
the tested aldehyde and amine combinations, together withaldimine (Ib)*2 and that a catalytic amount of Mgivas
the cyclopropyl phenyl ketonka, gave acceptable yields of needed for the ring expansion reaction to proceed. Decreasing
products (56—75%) (Table 1, entries-&). The highest  the amount of Mgl to 0.8 equiv slowed the reaction and
yields were observed with the aliphatic aldehydgentries stopped it before completion. It was interesting, however,
5 and 6). The use of the electron-ripmethoxybenzalde-  that substoichiometric amounts of Mgitill gave reasonable
hyde 2b gave lower yields than the electron-deficient amounts of products. Increasing the amount of Mgl1.5
p-fluorobenzaldehyd@a (entries 1—4). equiv gave no improvements compared to 1.0 equiv nor did
Unsatisfactorily, in contrast to the branched aldehgde  an increase in the added amounts of aldehyde and amine
(entries 5-7 and 12), the linear aliphatic aldehy2 resulted (1.5 equiv) to form the aldimine.
in little or no yield of the desired products (entry 11) and  To streamline this protocol for the synthesis of compound
the HPLC trace showed a multitude of byproducts. A libraries, a fast and efficient purification is essential. After
tentative explanation for this unexpected trend may be basedan extractive workup, purification was achieved with PS-
on the imine-enamine equilibrium. If the equilibrium is  Isocyanate scavenger resin (to capture excess amine) and
shifted toward the enamine, an increased number of byprod-SCX IEC. The purities and diastereomeric ratios of the
ucts could result via additional reaction pathways, e.g. compounds in Table 1 (0.2 mmol scale) were determined
enamine to imine addition generating polymeric material. by LC/MS (UV) and GC, respectively. These results clearly
Increased branching in the aliphatic chain of the aldehyde show the efficiency of this sequence. The crude UV purities
increased the yield of the desired product (isopropanal gavewere between 53% and 90% and after workup and purifica-
32% isolated yield of the corresponding pyrrolidine), whereas tion they all increased te 99%, indicating that the protocol

an increase/decrease in chain lengths, a-gentanal/n- is very adaptable to library production.
propanal, had no beneficial effect; in both cases no product It was also possible to reduce the reaction time consider-
was formed. ably by performing the reactions in a microwave oven. The

Furthermore, the diastereomeric product distribution was combination withla, 2c, and3b gave the same result after
significantly influenced by the aldehyde. Using aromatic 5 min (160°C, 100 W) as after 6 h with standard conditions
aldehydea and 2b resulted inanti:synratios of between  (Table 1, entry 6).

80:20 and>99:1, while the aliphatic aldehydzc gave the EtAll, the other efficient metal iodide found in the initial
anti isomer exclusivelygnti:syn>99:1). On the other hand, ~ screen, gave comparable results with the Migiduced
the amines used in those examples seemed to have little oprotocol but with some important differences (Table'2).
no influence on the observed variations in diastereoselec-

tivities. Exchanging the phenyl group in ketota with a | NN

heteroaromatic ring, e.g. thienylcyclopropyl ketofib)( had Table 2. EtAll Promoted Three-Component Reaction
little impact on the result (compare entries 4 and 5 with 7

and 8). Disappointingly, the aliphatic cyclopropyl methyl yield® dre purity?

' . . entry product? (%) (anti:syn) (%)
ketone 1c gave a sluggish reaction under the standard

conditions. Lowering the temperature to 8D resulted in a 1 4a/5a 70 85:15 96
cleaner reaction, but still with a low yield (entry 9). Although 2 4b/5Sb 50 72:28 98
. . 3 4c/5¢ 54 93:7 84
not perfect, this could nevertheless be useful for library 4 4d/5d 15 01°9 o5
synthesis considering that a one-step procedure is used to g de/5e 42 991 08
obtain a rather advanced end product. Both the allylic amine 6 4f/5F 55 >99:1 08
(3c) andp-anisidine (3d) (entries 10 and 12) worked well in 7 4g/5g 57 >99:1 98
the reaction, affording the products/5i and 4l/5| respec- 8 4h/5h 35 94:6 85
tively in moderate to good yields. Together with benzylic 9 4j/5j 24 83:17 >99
10 4k/5k 57 >99:1 81

amines (i.e3a), these amine8¢and3d) form pyrrolidines
with potentially cleavabléN-substituents previously proven aMixture of diastereoisomerg.After a parallel purification (0.2 mmol

_ ; it ili scale) by PS-Isocyanate scavenger resin and IEC with SCX cartridges.
to be useful a\-protection grOUpéq In addition, anilines ¢ Determined by NOESY experiments dg, 4d, 4e,4f, 4i, 41, and4k. The

such ag-anisidine 8d) result in products with low basicity,  stereochemistry of the resulting compounds was tentatively assigned
which is interesting from a diversity perspecti\}e. according to the general trentiDetermined by LC/MS (UV) analysis.

(9) General procedure for the Mgl,-promoted three-component o
synthesis of substituted pyrrolidines: The aldehyde (1.0 mmol; 1.0 equiv), ~ Several of the combinations of cyclopropyl ketone, aldehyde,
Mgl (1.0 mmol; 1.0 equiv), and cyclopropyl ketone (1.0 mmol; 1.0 equiv) ; ; ;
were added sequentially to a solution of the amine (1.0 mmol; 1.0 equiv) and amine used in the M;gbxamples were repeated with
in THF (4 mL) at rt, and the resulting mixture was shaken at@0After
6 h, the reaction was cooled to ambient temperature and quenched with afiltered, and concentrated. The corresponding crude reaction mixture was
saturated aqueous p&Os; solution (2 mL). The mixture was extracted  purified by flash chromatography (GBI, + MeOH 1%) or by PS-
with EtOAc (5 mL) and the organic phase was washed with a saturated Isocyanate scavenger resin followed by an IEC, which afforded the pure
aqueous NaHC@solution (2 mL) and brine (2 mL), dried over p&0Oy, compound in reasonable yield.
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ELAIl to give yields between 15 and 70% and purities needed. The protocols were mainly aimed for library
between 81 and 99% after a workup purification sequence synthesis and therefore no individual reaction conditions were
containing extraction, treatment with PS-Isocyanate scaven-optimized.

ger resin, and an IEC. Comparison with the Mgfomoted
reactions indicated comparable diastereomeric ratios, rangin
from anti:syn72:28 to>99:1. A major difference was the
reagent combination with the linear aliphatic aldehyde

In summary, we have reported a novel M@r EtAI
gpromoted three-component reaction between cyclopropyl
ketones, aldehydes, and amines resulting in the formation

While the Mgh promoted reaction did not result in any of substituted pyrrolidines. With use of either of the two
product (Table 1, entry 11), the use ob&it gave the desired developed protocols, most combinations of aliphatic/aromatic
product in 57% yield (Table 2, entry 10). The lower aldehy(jes, cycloprgpyl ketones, and primary amines were
temperature could be the beneficial factor in this outcome. COmpatible as reaction partners. The presented protocols are

Most noteworthy is the robustness of the chemistry: all Practical and efficient and are therefore readily amenable
reagents were used as purchased and no special precautiorigr library synthesis. A full account will be presented in due
such as predrying vials or using an inert atmosphere werecourse.

(10) (a) Alcaide, B.; Almendros, P.; Alonso, J. M.; Aly, M. Brg. Lett. .
2001,3, 378L. (b) Laguzza, B. C.; Ganem, Betrahedron Lett1981,22, Acknowledgment. We thank Tina Jensen for HPLC

1483. (c) Olofson, R. A.; Martz, J. J.; Senet, J.-P.; Piteau, M.; Malfroot, T. analyses, Jakob Strange Ebbesen Kympeasurements, and
J. Org. Chem1984,49, 2081. (d) Fustero, S.; Navarro, A.; Pina, B.; Soler, f id d ichol v f luabl
J. G.; Bartolomé, A.; Asensio, A.; Simon, A.: Bravo, P.; Fronza, G.. Professor David Tanner and Dr. Nicholas Kelly for valuable
Volonterio, A.; Zanda, MOrg. Lett.2001,3, 2621. comments on the manuscript.

(11) The pkK values for4f and 4l were experimentally determined as
8.53 and 6.60, respectively.

(12) Lewis acids are known to promote the formation of imines, e.g.: i i i . i _
(a) White, W. A.; Weingarten, Hl. Org. Chem1967,32, 213. (b) Billmann, Supporting Information Available: Gengral_ experimen
J.H.; Tai, K. M. J. Org. Chem.1958, 23, 535. (c) Texier-Boullet, F. tal procedures and compound characterization (HRMS,

Synthesis 985, 679. 13 i ial i i
(13) The same general procedure as in the\pgbmoted reaction was NMR’ C NMR). This material is available free of charge
followed, with the exceptions of using 1.5 equiv of&Hl at rt (see via the Internet at http://pubs.acs.org.
Supporting Information). The 25% £l solution in toluene is easier to
handle, and since the reaction can be performed at rt, this makél Et
protocol more useful when it comes to automation and library synthesis. OL0264814

3150 Org. Lett., Vol. 4, No. 18, 2002



